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RESULTS  OF  THE  NAVAL  RESEARCH  LABORATORY'S 
PARTICIPATION  IN  A 

PERSONNEL  DOSIMETRY  PERFORMANCE  TESTING  PILOT  STUDY 


I . INTRODUCTION 

During  the  period  August  1978  to  May  1979  the  Radiological 
Protection  Staff  of  the  Naval  Research  Laboratory  participated  in 
a pilot  study.  Personnel  Dosimetry  Performance  Testing,  sponsored 
by  the  U.  S.  Nuclear  Regulatory  Commission.  The  test  was  conducted 
by  the  Department  of  Environmental  and  Industrial  Health  of  the 
School  of  Public  Health,  University  of  Michigan,  Ann  Arbor,  Michigan, 
under  the  direction  of  Dr.  Philip  Plato.  The  test  was  divided  into 
two  parts;  Test  No.  1 was  for  three  months,  August,  September,  and 
October,  1978;  and  Test  No.  2 was  for  February,  March,  and  April, 

1979.  The  test  was  divided  into  two  parts  to  give  processors  and 
the  testing  laboratory  an  opportunity  to  adjust  their  calibration 
techniques  and  procedures  based  on  what  was  learned  during  the 
first  part  of  the  test. 

The  purpose  of  this  correspondence  is  to  describe  the  dosimeter 
used  by  NRL,  some  of  the  procedures  employed,  and  the  results 
obtained.  Detailed  calibration  and  reading  procedures  will  not  be 
given  separately,  rather  what  we  feel  are  pertinent  aspects  will  be 
included  in  the  discussion  of  the  test  results.  Also  we  make  comments 
on  the  test  procedures  and  methods  and  make  recommendations  which 
hopefully  might  improve  them.  The  opinions  expressed  are  solely 
those  of  the  authors. 


II.  TEST  PARTICIPATION 

The  tests  were  divided  into  eight  categories:  Category  I,  gamma; 
Category  II,  high-energy  x ray;  Category  III,  low-energy  x ray; 
Category  IV,  beta;  Category  V,  neutron;  Category  VI,  gamma  plus  high- 
energy  x ray;  Category  VII,  gamma  plus  beta;  and  Category  VII,  gamma 
plus  neutron.  Some  of  the  categories  will  be  described  in  subsequent 

Not*:  Manuscript  submitted  June  5,  1979. 
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sections;  a complete  description  is  found  in  references  (1)  and  (2). 
NRL  participated  in  Category  I (gamma),  Category  II  (high  energy 
x ray),  Category  III  (low-energy  x ray),  Category  V (neutron),  and 
Category  VIII  (neutron  plus  gamma).  We  were  also  interested  in 
Category  VI  (gamma  plus  high-energy  x ray)  but  we  felt  that  our 
dosimeter  would  have  no  trouble  passing  this  test,  if  its  perform- 
ance was  satisfactory  for  gamma  and  high-energy  x rays.  Also  we 
did  not  have  available  sufficient  dosimeters  to  participate  in  this 
portion.  We  will  discuss  the  expected  performance  of  our  badge  to 
the  untested  categories  in  a later  section. 


III.  THE  DOSIMETERS 

— « 

The  dosimeter  badge,  shown  in  Fig.  1,  used  for  this  test  is  a 
simple  plastic  (Harshaw)  "folded  cadmium  design"  similar  to  that 
described  by  Falk  (3)  using  two  cadmium  filters  20  mm  x 20  mm  x 0.51 
mm  thick.  This  configuration  was  chosen  because  it  provides  the  best 
x-ray  energy  response,  + 15%  from  25  keV  to  1.25  Mev  when  the  average 
of  the  two  detectors  is  used  for  x-  or  gamma-ray  dose  equivalent  (0E) 
determinations  (4).  Although  such  "albedo"  dosimeters  normally 
require  the  use  of  two  or  more  pairs  of  6Li-7Li  detectors,  our  badge 
uses  a single  pair  of  6LiF(TLD-600)  detectors  in  a Harshaw  Model  N-6 
card  (5).  The  portions  of  the  light  output  due  to  thermal  neutrons 
and  x-  or  gamma-rays  are  determined  using  essentially  the  method 
described  by  Nash  and  Johnson  (6).  However,  because  we  have  dis- 
covered (7)  that  fading  of  the  TL  peaks  in  LiF(TLD-600)  is  not  the 
same  for  high-LET  radiation  (alphas  from  the  n-a  reaction  in  *Li  as 
for  low-LET  radiation  (beta,  gamma,  x rays)  the  equations  used  by 
Nash  and  Johnson  were  modified  as  described  in  the  next  section  to 
more  conveniently  take  account  of  these  differences  in  fading. 


IV.  GAMMA  AND  NEUTRON  DOSE  DETERMINATIONS 


Fig.  2 shows  the  glow  curves  for  gamma  rays  and  thermal  neutrons 
obtained  with  TLD(600)  N-6  detectors  that  have  been  read  in  a Harshaw 
Model  2271  automated  TL  analyzer  using  the  heating  schedule  shown. 

This  schedule,  a rapid  rise  to  200°C  in  two  seconds  followed  by  a 
linear  rise  to  330°C  at  5°C/sec  is  used  so  that  the  portion  of  the 
qlow  curves  due  to  neutron  + gamma  (0-250°C)  and  that  due  neutrons 
(>250°C)  are  easily  differentiated.  Two  integrations  were  made  on 
each  detector.  The  first  from  6 to  18  second  (v200°  - 275°)  as  shown 
in  Fig.  2 was  used  to  determine  the  dose  due  to  neutrons  + ganroas. 

This  lower  integration  period  was  chosen  to  minimize  the  effects  of 
fading  as  described  by  Johnson  (8).  The  second  integration,  from  20-25 
sec  (^285  - 31 0°C ) , was  used  to  determine  what  portion  of  the  lower 
integral  was  due  to  thermal  neutrons.  In  all  cases  the  lower  integral 
was  used  to  determine  the  total  dose.  A third  integration  is  sometimes 
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made  from  28-30  seconds  to  determine  reader  background  for  low  doses 
but  was  not  used  during  these  tests. 


The  doses  from  neutrons  and  gammas  for  each  detector  are 
determined  by  setting  up  two  equations: 


1,1 


D Dn 


(2) 


where 


= gamma  dose 

D = neutron  dose 
n 

» low  temperature  reading.  Integral 
* reader  background,  low  temperature 
R^  « high  temperature  reading,  integral 
Bh  * reader  background,  high  temperature 


C , * gamma  correction  factor  for  low  temperature 

reading;  product  of  fading  correction,  reader 
sensitivity  correction,  individual  dosimeter 
sensitivity  correction. 


C .,  C u,  C H * corresponding  correction  factors  for  low 
nL  Y temperature  neutron,  high  temperature  gamma, 

and  high  temperature  neutron  readings. 


Substituting  (3)  in  (1)  we  solve  for  in  terms  of  Dn 


dy  ■ C,L  [ <\  • ®L>  - rr  ] 


Since  the  dosimeters  usually  have  radiation  backgrounds  we  subtract 
these  to  get  the  Net  Dn  and  D^.  These  equations  are  solved  by  a 

computer  program  which  makes  several  decisions  to  assure  that  the 
determined  doses  are  reasonable  and  conservative.  These  include: 

(a)  If  (Rh  - Bh)  < 0 set  = 0 

(b)  If  (Rl  - Bl)  < 0 set  * 0 

(c)  If  0 < 0 set  D„  * D„  + D and  D = 0 

y n n y y 

(d)  If  D_  < 10  set  D = D + 0„  and  D„  = 0 

' n y y n n 

(e)  If  50  0 < D set  0 « D + D„  and  D„  « 0 

n y y y n n 

Test  (a)  and  (b)  do  not  allow  negative  net  readings  for  the  integrals. 
Test  (c)  does  not  allow  negative  gamma  doses.  This  test  has  the 
effect  of  insuring  that  the  total  neutron  plus  gamma  dose  is  dependent 
only  on  the  lower  temperature  integral.  Test  (d)  causes  neutron  doses 
less  than  the  equivalent  of  10  mR  to  be  treated  as  due  to  gamma 
radiation.  Test  (e)  causes  neutron  doses  less  than  2%  of  the  gamma 
dose  to  be  treated  as  a gamma  dose. 

The  gamma  and  neutron  dose  equivalents  (DE)  are  determined  from 
the  equations: 


D (F)  ♦ D (R) 


Dn(F>  1 

(DE)n  = KS>-  [ °n(p)  - 0 °n(R>J 


r 


where  0 (F),  D (F)  and  D (R),  D ( R)  refer  to  the  calculated  doses 

y n Y Y 

for  the  detector  located  with  cadmium  in  front  (F)  or  cadmium 
behind  (R),  and  J and  K are  calibration  constants.  Again  doses 
are  adjusted  to  assure  that  they  are  reasonable  and  conservative: 


Dn(F)  1 

(a)  If  Dn(R)  - 0 or  > 4-  set  Dr(R)  = £ 0 (F) 

n'  ' 

and  recalculate  D (R)  using  new  0 (R) 

Y n 

(b)  If  Dn(R)  = 0 and  Dn(F)  = 0 set  (DE)p  = 0 

(c)  If  Dn(F)  * 0 set  D (R)  = D^R)  + 0n(R) 

°n(F) 

(d)  If  i«j — < J set  ( DE ) n = 0 and  set 

D (F)  « 0 (F)  + 0(F)  and  0 (R)  * D (R)  + D (R) 

Y y n Y y n 


Test  (a)  assures  that  the  neutron  dose  equivalent  will  not  reach  an 
abnormally  large  value  due  to  an  unusually  small  Dn( R ) . Our  studies 

have  never  shown  a ratio  of  Dn(F)/Dn(R)  > 3 under  laboratory  con- 
ditions or  > 2 under  field  conditions.  Test  (b)  is  made  to  prevent 
attempted  division  by  zero.  Test  (c)  attributes  the  neutron  signal 
of  the  detector  with  cadmium  behind  it  to  gamma  radiation  since 
Dn(F)  = 0 makes  ( DE ) n zero.  Test  (d)  prevents  negative  (DE)n  and 

assigns  the  neutron  doses  to  gamma  radiation.  These  latter  tests 
assure  that  all  the  TL  signal  in  the  lower  temperature  integration 
is  assigned  to  neutron  or  gamma  radiation.  Note  that  normally  the 
(DE)^  is  dependent  only  on  the  average  of  the  two  gamma  doses.  At 

very  low  energies  a correction  for  shallow  and  deep  dose  equivalent 
is  made  based  on  the  ratio  Dy(F)/D^(R).  Assuming  the  reader  to  be 

calibrated  to  read  gamma  radiation  correctly  and  no  individual 
correction  factors  for  the  detectors,  typical  values  for  some  of 
the  constants  in  these  equations  are: 
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C^L  = 1 (i .e. , no  fading) 

CnL  3 1.15  (correction  for  fading) 

C u = 178  (no  fading) 

yn 

CnH  s 14.0  (no  fading) 

J = 0.3 
K = 0.86 


V.  TEST  RESULTS 

The  test  results  for  the  second  portion  of  ...  i test,  Test  No.  2, 
are  found  in  the  Appendix.  Because  the  results  from  Test  No.  1 were 
considered  to  be  more  preliminary  they  have  not  been  included 
(obviously  they  were  worse);  however,  we  will  refer  to  them  extensively 
during  the  discussion  to  follow.  We  have  decided  to  discuss  the 
results  not  necessarily  grouped  as  in  the  Appendix. 

A.  Gamma  Rays  (30  - 10,000  mRem) 

The  results  of  the  tests  for  gamma  rays  (Co-60)  are 
summarized  in  Table  1. 


Table  1 

RESULTS  FOR  OCCUPATIONAL 

GAMMA  RAYS 

Dose  Equiv. 
(mRem) 

Ave.  DE 
(mRem) 

Source 

P(Ave) 

Std.  Dev. 
(S) 

Error 

/P/+2S 

Allowable 

Error 

30-100 

68.6 

Co-60 

0.0863 

0.0549 

0.1962 

0.7244 

101-300 

177.8 

Co-60 

0.1005 

0.0488 

0.1982 

0.4500 

301-10000 

3010 

Co-60 

0.0993 

0.0307 

0.1607 

0.3000 

Examination  of  these  results  reveals  several  interesting  points:  First, 
our  reported  results  are  too  high  by  about  10%.  This  is  partly  due  to 
the  fact  that  we  made  no  corrections  for  fading  (growth)  based  on  the 
length  of  the  wearing  period.  For  one  month  this  correction  is 
approximately  0.97  (see  Fig.  3).  Thus  our  reported  results  would  still 


be  too  high  by  about  5%  We  cannot  account  for  this  discrepancy.  Our 
dosimeter  cards  are  calibrated  using  a Co-60  source  whose  exposure 
rate  is  determined  by  NBS  calibrated  ion  chambers.  Cards  are  enclosed 
in  lucite  0.64  cm  thick  to  establish  charge-particle  equilibrium. 

Cards  in  badges  exposed  on  a five  gallon  water-filled  polyethylene 
phantom  give  results  within  1%  of  those  in  the  lucite  when  the  average 
of  the  two  detectors  is  used  as  the  dose  determining  parameter. 

Perhaps  5%  agreement  is  acceptable.  Second,  the  standard  deviation 
is  quite  low,  especially  when  one  considers  that  we  used  no  indivi- 
dual correction  factors  for  this  portion  of  the  test.  This  was  not 
always  the  case  as  will  be  noted  later.  Laboratory  tests  of  the 
cards  used  for  these  tests  showed  that  the  standard  deviation  of  the 
group  was  ± 3%.  As  will  be  seen  later,  we  achieved  better  results 
than  this  in  some  parts  of  the  test  categories.  We  attribute  this 
to  the  fact  that  all  our  x and  gamma  dose  equivalents  are  the  average 
of  two  detectors.  Obviously  using  individual  correction  factors 
would  not  have  improved  our  results  appreciably.  Thirdly,  the 
magnitude  of  the  exposure  had  little  effect  on  the  errors  involved. 
This  is  probably  true  for  most  TLD  systems.  We  consider  100  mR  to  be 
an  infinite  dose  as  far  as  errors  are  concerned.  This  suggests  that 
error  limits  could  be  made  more  stringent  for  the  lower  intervals. 
However  some  systems  may  need  the  greater  limits. 

B.  High-Energy  X Rays 

The  results  for  the  test  for  high-energy  x rays  are 
summarized  in  Table  2. 


Table  2 

TEST  RESULTS  FOR  HIGH-ENERGY  X RAYS 


Note  the  different  test  for  shallow  and  deep  dose  equivalent  as  indicated 
by  "S"  and  "0"  in  the  DE  column.  Our  badge  generally  cannot  distinguish 
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the  effective  energy  of  the  radiation  in  this  energy  range  to  assign 
a different  deep  and  shallow  dose  equivalent.  In  most  cases  they  are 
the  same  anyhow,  ^gain  we  see  that  the  standard  deviations  are  quite 
small;  again  no  individual  correction  factors  were  used.  If  we  refer 
to  the  energy  response  of  our  badge  in  Fig.  4 we  see  that  the  under- 
response is  about  the  same  at  208  and  1 1 S keV.  Since  we  have  a 
general  over-response  of  about  10%  as  previously  discussed,  we  would 
expect  that  the  P(Ave)  of  the  208  and  119  keV  irradiated  badges  would 
be  about  0.  This  is  true  for  the  119  keV  exposures,  but  not  for  those 
at  208  keV.  Since  we  use  identical  calibration  spectra  as  the  testing 
laboratory,  the  only  reasonable  explanation  is  a difference  in  phantom 
construction.  All  our  calibrations  were  made  using  a rectangular, 
polyethylene,  water  filled  phantom  33  cm  x 23  cm  x 23  cm  thick. 
Exposures  were  determined  with  a free-air  ion  chamber. 


C.  low-Enerqy  X 

The  results 

Table  3. 

Rays 

for  the 

1 ow-energy 

x rays  are 

summari zed 

in 

' 

TEST 

RESULTS 

Table  3 

FOR  LOW-ENERGY  X RAYS 

Dose  Equiv. 

Ave.  DE 

RSI 

Allowable 

(mRem) 

(mRem) 

■aiLL*^ 

■Kelli 

WuEm 

Error 

1 50-300S 

230.2 

19  keV 

-0.0257 

0.0306 

0.0868 

0.9886 

150-300D 

71 .2 

II 

-0.0273 

0.0314 

0.0901 

1.7777 

301 -10000S 

2508 

ll 

-0.0408 

0.0795 

0.1998 

0.5000  | 

301-100000 

774 

II 

-0.0412 

0.0797 

0.2005 

0.5391 

In  this  case  the  ratio  of  the  detector  with  the  cadmium  filter  in  front 
to  the  one  with  the  filter  behind  was  used  to  establish  correction 
factors  for  the  shallow  and  deep  dose  equivalents.  These  factors 
were  1.31  for  the  shallow  DE  and  0.41  for  the  deep  DE  applied  to  the 
average  of  the  two  detectors.  These  results  are  the  first  ones 
presented  that  were  significantly  different  than  those  recorded  in 
Test  No.  1.  At  that  time  we  had  not  calibrated  for  low-energy  x rays 
and  the  average  of  the  two  detectors,  with  a slight  correction,  was 
reported  for  both  shallow  and  deep  dose  equivalents.  We  realized  this 
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would  result  in  a large  over-estimation  of  the  deep  dose  equivalent 
and  probably  some  under-estimation  of  the  shallow  dose  equivalent. 

D.  Casualty  Doses  (Co-60,  High-Energy  X Ray) 

The  results  for  the  casualty  doses  are  summarized  in  Table 
4.  (Note  in  the  appendix  that  we  have  made  pen  and  ink  changes  to  the 
data.  The  testing  laboratory  inadvertently  recorded  the  badge  number 
as  the  absorbed  dose. ) 


RESULTS 

Table  4 

FOR  CASUALTY 

DOSES 

Abs.  Dose 
(Rad) 

Ave.  Dose 
(Rad) 

Source 

P(Ave) 

Std.  Dev. 

(S) 

Error 

/P/+2S 

A1 lowabl e j 
Error 

10-800 

452.7 

Co-60 

0.0677 

0.0254 

0.1184 

0.3000 

10-800 

394.3 

136  keV 

0.0963 

0.0628 

0.2219 

0.3000  1 



These  results  were  obtained  using  individual  correction  factors  for  the 
detectors.  We  felt  this  to  be  necessary  because  these  detectors  had 
been  used  for  the  previous  casualty  tests  and  hence  might  have  enhanced 
sensitivity  (9).  This  enhancement  turned  out  to  be  negligible,  less 
than  a few  percent.  Also  corrections  were  made  for  supral inearity 
using  the  data  in  reference  (6).  During  the  first  part  of  the  test, 
no  corrections  were  made  for  supral ineari ty  resulting  in  an  error  of 
0.4980  for  x rays,  and  3.3684  for  Co-60.  This  latter  result  was  mostly 
caused  by  two  detector  cards  being  placed  in  the  wrong  badges  at  NRL 
or  the  two  badges  being  mixed  up  when  exposed  by  the  testing  laboratory. 
Evidently  such  large  errors  were  not  infrequent  and  were  partially 
attributed  to  reporting  or  computational  errors  by  the  testing 
laboratory  (10).  This  was  not  true  in  our  case  since  all  our  data 
handling  is  automated,  and  there  were  no  typographical  errors.  We 
can  not  rule  out  that  the  dosimeter  cards  were  put  in  the  wrong 
badges.  However,  this  seems  unlikely  since  the  procedure  to  guard 
against  this  was  quite  elaborate.  For  the  second  test  we  took  even 
greater  precautions  to  prevent  such  occurrences. 

E.  Neutron  Exposures 

The  results  of  the  neutron  tests  are  summarized  in  Table  5: 
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Table  5 

TEST  RESULTS  FOR  Cf-252  NEUTRON 


I 


I 


Dose  Equiv.  Ave.  DE  Std.  Dev.  Error  Allowable 

(mRem) (mRem)  Source  P(Ave) ($)  /P/+2S Error 

100-300  205.6  Cf-252  0.1842  0.1697  0.5237  1.0461 

301-5000  1980  " -0.0707  0.0662  0.2030  0.5000 


The  neutron  and  the  neutron  plus  gamma  portions  of  the  test  proved  the 
most  diffucult  for  us.  During  the  first  part  (Test  No.  1)  we  did  not 
use  individual  correction  factors  because  we  believed  that  the  standard 
deviation  for  neutrons  of  the  group  of  cards  used  for  the  test  was  the 
same  as  badges  previously  obtained  from  the  manufacturer,  about  ± 3%. 
This  turned  out  not  to  be  the  case,  necessitating  individual  correction 
factors.  An  examination  of  the  data  in  Table  5 reveals  several 
interesting  results.  The  most  startling  is  an  apparent  non-linearity 
in  response  indicated  by  a P(Ave)  of  0.1842  for  the  interval  100-300 
mRem  vs  -0.0707  for  the  301-5000  mRem  interval.  We  have  not  previously 
observed  this  for  neutrons  and  the  data  in  Table  1 certainly  does  not 
indicate  any  non-linearity  for  gamma  rays.  Assuming  the  301-5000  mRem 
interval  to  be  the  more  reliable  data,  then  our  calibration  procedure 
evidently  results  in  an  under-estimation  of  neutron  DEs  of  approxi- 
mately 17%  (recall  our  over-all  system  response  is  approximately  10% 
high).  We  feel  this  comes  from  differences  in  phantoms  and  procedures. 
We  make  our  calibration  exposures  in  a concrete  block  laboratory  room 
4.7  meters  wide,  7.1  meters  long  and  3.5  meters  high,  with  the  source 
and  the  center  of  the  phantom  1.5  meters  from  the  floor.  Irradiations 
using  Cf-252,  are  made  with  the  center  of  the  source  a distance  of 
50  cm  from  the  front  surface  of  a rectangular,  lucite,  water-filled 
phantom  having  dimension  of  60  cm  x 30  cm  x 23  cm  thick.  Corrections 
are  made  for  neutrons  scattered  from  the  floor  and  walls.  Without 
this  correction  we  would  report  dose  equivalents  approximately  30% 
lower  than  those  reported.  We  have  determined  that  the  scattered 
dose  equivalent  is  less  than  2%  of  the  direct  dose  equivalent  by 
exposing  an  ANPDR/70  Remeter  at  40  cm  and  50  cm.  We  assume  the 
direct  dose  equivalent  to  vary  inversely  as  the  square  of  the  source 
to  detector  distance  while  the  scatter  is  constant.  Not  surprisingly, 
most  of  the  scattered  neutrons  must  be  of  lower  energy  to  cause  such 
an  enhanced  badge  response.  The  increased  standard  deviation  of  our 
results  in  this  category  stem  from  two  factors:  First  is  the  very 
nature  of  the  dose  equivalent  equation  (6).  Since  (DEL  is  roughly 
dependent  on  Dn(F)  squared  divided  by  Dn(R)  the  expected  error  on 

( DE ) n is  more  than  twice  the  errors  of  Dp(R)  or  Dp ( F ) . Contrast 
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this  with  the  reduced  error  on  (DE)  resulting  from  the  averaging  of 

y 

0 (F)  and  D (R)  (see  reference  (11).  Hence,  an  albedo  dosimeter  which 

Y Y 

uses  the  ratios  or  products  of  multiple  detectors  automatically 
introduces  errors  at  least  three  times  those  usually  encountered  for 
gamma  radiation.  The  second  factor  is  edge  effects  in  the  phantom 
which  changes  the  ratio  D(1(F)/D  (R)  dependent  on  the  dosimeter 

position  on  the  phantom.  We  have  found  this  to  cause  errors  up  to 
50‘£  in  (DE)n  between  dosimeters  irradiated  at  the  top  vs  the  bottom 

of  a phantom  similar  to  the  one  used  by  the  testing  laboratory. 

F . Neutron  Plus  Gamma  Exposures 

This  particular  test  provided  two  of  the  more  interesting 
occurrences  during  the  test:  An  almost  certain  mix-up  of  two  badges, 
and  the  only  failure  of  a dosimeter  card  during  the  test.  The 
somewhat  speculative  results  are  shown  in  Table  6. 


Table  6 

RESULTS  OF  NEUTRON  PLUS  GAMMA  EXPOSURES 


Dose  Equiv.  Ave.  DE  Std.  Dev.  Error  Allowable 

(mRem) (mRem)  Source  P(Ave) (S)  /P/+2S Error 

1 SO- 300  255.2  \ Co-60  ( -0.0141  0.1928  0.3998  1.0461 

301-5000  2022  !+Cf-252  i 0.0987  0.2058  0.5103  0.5000 


The  reader  is  referred  to  the  Appendix  pages  44-46  for  the  following 
discussion.  When  the  dosimeters  for  the  second  month  were  processed 
dosimeter  number  8 indicated  a gamma  DE  of  1291  mRem  and  a neutron  DE 
of  210  mRem,  while  dosimeter  number  10  showed  a gamma  DE  of  320  mRem 
and  a neutron  DE  of  2756  mRem.  Since  these  dosimeters  were  supposedly 
for  the  neutron  or  neutron  plus  gamma  portion  of  the  test,  we  assumed 
dosimeter  number  8 had  been  mixed  with  the  x-ray  and  gamma  dosimeters, 
or  had  been  improperly  irradiated.  We  therefore  voided  the  reading  of 
dosimeter  number  8.  Since  320  mRem  gamma  is  about  the  right  gamma  DE 
(certainly  within  the  error  of  our  system)  to  accompany  a 2756  mRem 
neutron  DE,  we  concluded  that  dosimeter  number  10  had  been  exposed  to 
neutrons  only.  Hence  we  reported  only  the  neutron  DE.  It  now  seems 
obvious  that  the  badges  were  given  the  correct  gamma  exposures  but 
were  interchanged  or  mixed  up  for  the  neutron  exposures.  We  have  made 
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this  assumption  and  inked  in  what  we  believe  to  be  the  correct  dose 
equivalents,  including  the  gamma  contribution  from  the  Cf - 252  neutron 
source.  Measured  1291  gamma  and  210  neutron  vs  postulated  1171  gamma 
and  231  neutron  for  dosimeter  number  8 and  measured  320  gamma  and 
2756  neutron  vs  postulated  311  gamma  and  3024  neutron  seems  too  close 
agreement  to  be  accidental.  Thus  we  have  recalculated  the  average 
and  standard  deviation  using  the  postulated  exposures. 

The  reading  for  dosimeter  number  18  is  the  only  case  in 
which  a dosimeter  card  "failed"  during  either  Test  No.  1 or  Test  No. 
2.  A "failure"  results  when  the  dosimeter  chip  no  longer  adheres  to 
the  teflon  in  the  dosimeter  card  and  is  no  longer  centered.  This 
causes  the  loss  of  good  thermal  contact  between  the  heater  finger 
in  the  reader  and  the  card.  This  results  in  some  of  the  neutron 
plus  gamma  signal  in  the  lower  temperature  integral  to  be  moved  up 
to  the  high  temperature  or  neutron  only  integral,  hence  a large 
neutron  signal.  In  this  case  Dn(F)  was  increased  making  Dn(F)/Dn(R) 

equal  to  approximately  10.  The  computer  rejected  this  and  inserted 
the  limiting  value  of  4 (see  Section  IV)  which  of  course  still 
resulted  in  too  large  a neutron  DE.  It  is  possible  to  recalibrate 
a card  which  has  failed  in  this  fashion,  but  we  hesitate  to  reduce 
a computed  exposure.  Hence,  we  used  the  correction  factor  obtained 
at  the  beginning  of  the  test.  Perhaps  we  should  have  voided  this 
reading,  but  we  feel  there  are  better  methods  of  dealing  with  such 
occurrences.  See  later  recommendations.  We  point  out  that  "failures 
such  as  these  have  been  rare,  typically  1 per  1000  cards  read. 
Omitting  dosimeter  number  18  would  have  reduced  P to  0.0426,  S to 
0.1105  and  /?/  ♦ 2S  to  0.2636. 


VI.  RESPONSE  TO  OTHER  RADIATION  CATEGORIES 


The  very  simple  NRL  radiation  badge,  albeit  a complicated  dose 
determination  procedure,  was  not  designed  to  be  able  to  measure  all 
types  of  radiation  without  a knowledge  of  the  radiation  fields. 
Nevertheless,  it  would  seem  appropriate  to  project  the  performance 
we  might  expect  to  the  other  categories  of  radiation  not  tested. 

A.  Category  IV,  Beta 

The  NRL  badqe  could  distinguish  a S**-90  beta  exposure  from 
any  of  the  other  categories.  Hence,  based  o-<  its  performance  for 
gamma  and  x rays,  it  should  easily  be  able  to  pass  this  category 
assuming  proper  calibrat.'n.  The  NRL  badge  is  not  a particularly 


good  beta  dosimeter,  however,  because  the  detectors  used  are  0.9  mm 
thick;  a thinner  detector  would  be  more  appropriate.  Being  able  to 
pass  a performance  test  doesn't  assure  a good  device.  As  an  example, 
one  can  design  an  albedo  dosimeter  which  could  easily  pass  the  neutron 
and  neutron  plus  gamma  portions  of  this  test.  It  would  not  be  a very 
good  dosimeter  for  other  spectra,  however.  One  must  guard  against 
having  performance  tests  that  not  only  allow,  but  encourage  the  use 
of  inferior  dosimeters. 

B.  Category  VI,  Gamma  Plus  High-Energy  X Ray 

Our  badge  design  would  not  be  able  to  determine  the  exact 
proportions  of  mixed  gamma  and  x-ray  doses,  but  the  dose  equivalents 
determined  should  actually  be  about  as  accurate  and  precise  as  for 
gamma  or  x rays.  This  occurs  because  the  dose  equivalents  are 
determined  in  exactly  the  same  way  for  both  types  of  radiation. 

Also  the  x-ray  response  is  generally  within  10%  of  the  gamna  response 
and  in  most  cases  is  less.  Since  we  have  a general  over-response  of 
the  system,  mixing  x-ray  and  gamma  doses  generally  improves  the 
average  P more  than  2S  (standard  deviation)  is  increased  even  if  one 
assumes  the  worst  case,  all  doses  mixed  3:1.  Thus  the  total  error 
would  be  less  than  for  gamma  rays  but  greater  than  for  x rays.  In 
the  exceptional  case  (MFG,  58  keV  effective)  where  the  x-ray  response 
is  10%  more  than  the  gamma-ray  response,  the  mixed  results  would  be 
worse  than  the  gamma  ray  results  but  better  than  for  the  x rays.  In 
no  case  would  the  increased  value  of  / P/  + 2 ( S ) exceed  0.02.  Hence, 
we  conclude  the  mixed  gamma  and  x-ray  exposures  would  be  no  problem 
for  our  badge. 

C.  Category  VII,  Gamma  Plus  Beta 

The  NRL  badge  could  not  distinguish  gamma  plus  beta  exposures 
from  the  other  categories  involved;  hence,  it  would  most  likely  assign 
the  same  dose  equivalent  for  shallow  and  deep  doses.  The  shallow  dose 
equivalent  would  be  too  low,  the  deep  dose  equivalent  too  high.  Our 
badge  could  not  pass  this  category  assuming  doses  mixed  3:1. 

D.  Other  Possible  Combinations 

If  we  consider  other  possible  combinations  of  exposures; 
beta  plus  low  energy  x ray,  low-energy  x ray  plus  high-energy  x ray, 
etc.,  we  conclude  that  the  NRL  badge  would  have  difficulty  with  such 
mixtures.  A badge  with  an  additional  detector  shielded  with  a 1 cm 
tissue  equivalent  shield  would  perhaps  provide  enough  additional 
information  to  make  accurate  dose  equivalent  determinations  on  such 
mixtures.  The  detector  would  most  likely  have  to  be  fairly  tissue 
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equivalent  such  as  lithium  fluoride  or  lithium  borate.  Even  with  one 
or  two  additional  detectors,  it  may  not  be  possible  to  design  a badge 
which  can  accurately  determine  the  shallow  and  deep  dose  equivalents 
for  all  possible  combinations  of  radiations  used  in  this  test. 


VII.  RECOMMENDATIONS 

A.  Reduce  the  Number  of  Radiation  Intervals 


The  test  requires  too  much  work  and  too  many  dosimeters. 
Perhaps  two  or  three  intervals  for  one  radiation  category  is  not 
excessive  to  determine  how  the  response  of  a system  varies  with  dose 
magnitude  but  this  netd  not  be  repeated  for  other  categories.  One 
interval  should  be  enough. 

B.  Eliminate  the  Casualty  Dose  Interval 

Again  this  is  to  shorten  the  test.  In  case  of  an  accident 
everyone  should  do  good  dosimetry  with  everything  calibrated  and  re- 
calibrated, checked  and  rechecked,  including  probably  a cross 
calibration  with  other  radiation  sources.  This  test  is  just  not 
realistic.  The  likely  performance  can  be  inferred  from  the  other 
intervals.  A certification  that  instrumentation  capable  of  covering 
this  range  should  suffice.  An  exception  would  be  a dosimeter  designed 
only  for  casualty  dose  intervals.  If  this  interval  is  retained  the 
date  of  exposure  should  be  given. 

C.  Reject  the  Worst  Data 

We  recommend  this  to  eliminate  some  of  the  problems  described 
in  the  previous  sections;  mixed  up  dosimeters,  and  occasional  cata- 
strophic or  routine  failures  of  dosimeters.  We  suggest  the  two  worst 
pieces  of  data  in  each  interval  be  eliminated.  Included  would  be 
lost  readings,  etc.  It  may  be  argued  that  mixing,  or  not  mixing, 
dosimeters  is  also  a part  of  performance  but  we  have  become  convinced 
that  the  testing  laboratory  has  as  much  trouble  with  this  as  the 
processors.  Also,  for  any  test  where  dosimeters  are  sent  through  the 
mails,  one  cannot  rule  out  tampering.  Several  of  our  badges  were 
opened  and  the  cards  reversed  between  the  time  they  left  NRL  and 
were  returned. 

D.  Change  the  Phantom  Dimensions 

The  phantom  used  by  the  testing  laboratory  is  too  small  to 
simultaneously  irradiate  six  "albedo1'  neutron  dosimeters.  The  edge 
effects  are  too  great. 
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Change  the  Neutron  Source 


The  neutron  source  used  Is  probably  not  the  most  readily 
available  for  processors  and  is  not,  we  believe,  the  most  appropriate 
especially  for  "albedo"  neutron  dosimeters.  We  would  recommend  Am-Be 
or  Pu-Be  moderated  by  2 - 4 cm  of  lucite. 


Increase  the  Error  Limits 


We  do  not  believe  that  most  processors  can  readily  pass 
these  tests  with  presently  used  dosimetry  devices.  There  are  too 
many  errors  that  cannot  be  easily  reduced  such  as  fading  errors 
and  errors  due  to  mixed  radiations.  These  can  cause  the  standard 
deviation  to  increase  as  well  as  the  average  response.  For  the 
mixed  categories  we  recommend  that  the  error  limit  be  determined  by 
the  formula  L * /?/  * 1.5  S.  Also  we  feel  that  positive  errors  on 
P should  be  allowed  without  penalty,  i.e.,  allow  as  much  over- 
response of  dosimetry  devices  as  processors  feel  they  can  afford. 
Perhaps  a factor  of  2 should  be  an  upper  limit.  Such  an  allowance 
might  make  an  all-purpose  dosimeter  design  more  feasible  and  would 
probably  be  readily  acceptable  for  processors  whose  average  exposures 
are  quite  low. 


VIII.  CONCLUSIONS 


We  found  our  participation  in  this  testing  program  enlightening 
and  informative  and  more  work  than  anticipated  (we  didn't  really  want 


to  individually  calibrate  any  dosimeters).  The  performance  of  the  NRL 
dosimeter  badge  was  better  for  x and  gamma  rays  than  in  our  own  blind 
testing  program,  but  worse  for  the  neutron  and  neutron  plus  gamma 
portions.  We  attribute  this  to  the  different  phantom  used.  The  mixed 
doses  and  dosimeters,  whether  caused  by  us,  the  testing  laboratory, 
or  the  mail  service,  was  the  most  frustrating  part  of  the  test.  We 
feel  that  a testing  program  such  as  this  will  do  much  to  improve  the 
dosimetry  results  of  the  processors  who  participate  in  it.  It  caused 
us  to  change  some  procedures,  which  in  every  case  resulted  in  assigning 
lower  dose  equivalents  to  individuals.  This  may  or  may  not  be  good. 

At  least  they  should  be  more  accurate. 
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? 3.2 


THERMOLUMINESCENCE 


TIME  (sec) 

Fig.  2 Glow  curves,  thermol uminescence  vs  time;  and  readout  heating 
schedule,  hot-finger  temperature  vs  time,  for  LiF(TLD-600) 
detectors  that  have  been  cycled,  dosed  and  read  10  minutes 
thereafter  in  a Harshaw  Model  2271  TL  analyzer.  For  details 
see  reference  (6). 
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HOT-FINGER  TEMPERATURE  (°C) 


RATIO  (STORED/PROMPT) 


Fig.  3 The  ratios  stored/prompt  for  dosimeters  irradiated  with 

gamma  rays  and  thermal  neutrons  using  the  low  temperature 
integral  shown  in  Fig.  2 as  the  dose  determining  parameter. 
The  curves  marked  + and  a were  dosed  before  storage; 
those  marked  x and  o were  dosed  after  storage.  The  figure 
is  taken  from  reference  (7). 
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RESPONSE  PER  REM 


ENERGY  (MeV) 


Fig.  4 The  response  of  the  NRL  dosimeter  badge  per  Rem  (shallow 
dose  equivalent)  vs  effective  energy  for  several  thickness 
of  cadmium  filters.  The  NRL  badge  uses  0.51  mm  filters. 
Conversion  from  Roentgens  to  Rem  was  made  using  the  data 
in  reference  (1).  The  figure  is  taken  from  reference  (4). 
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PROCESSOR  N«Mt  ; NAVAL  RESEARCH 
PROCESSOR  l ODE  nu.  : in 


• POO  FftCH  DOSIMETER.  A PERFORMANCE  INUE*  IS  CALCULATED  BY  : 

R = <H«  - h)/H 

RmFRE  : M = OElIvEWED  OUanTITY 
H»  = REPORTED  UUAr.TlTY 

Fn»  Each  DEPTH  OF  EACH  INTERVAL  OF  A CATEGORY,  hi  AVERAGE  PERFORMANCE 
ImOFX.  (P  AVERAGE).  A NO  ITS  STANDARD  DEVIATION.  ^ , ARE  CALCULATED. 

a processor  passes  a category  if.  for  EaLh  depth  of  each  Interval. 

ThF  ABSOLUTE  VAi  UE  of  (P  avERAuE)  PLUS  ’S  IS  L*-HS  than  UR  t JUAL  ru 
The  TOLERANCE  limit,  l. 

fop  category  i.  interval  i . and  for  category  t i * interval  i.  l = o.j.  edr 

CATEGORY  I.  Intervals  2*  3*  And  a.  c = ('.3  OR  f/SuRT(H  AvtuAGt).  WHICHEVER 
IT  IARGER.  for  All  OTHER  CATEGORIES.  L = . S TR  |S/SDRl(H  AVekAGE).  WHICHEVER 

Is  i ARGFR. 

IF  A DOSIMETER  IS  LOST.  NOT  HERORTEU  nY  ThE  PROCESSOR.  1 RR AD  1 A 1 tD  IMPROPERLY. 

etc.,  the  *ord  void  appears  neat  to  the  dosimeter  number,  voided  ousimeters 

ARF  NOT  INCLUDED  In  THE  RASs/FAIl  CALCULATIONS. 


\r I'D  DBG  — — " 


I 
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CATEGORY  I « GAMMA 


TYPE  OF  00$ I ME  1 : TLD 

SOURCE  : COhalT-60  IRRADIATOR 
IRRADIATION  DISTANCE  ! SrtO*N  6 E l 0 W 


DOS I "FTER 

DATE 

EXPOS. 

RATE 

IKRA. 

TIME 

EXPOSURE 

IRRA. 

0 I ST  . 

DEEP  ABSORBED  DOSE 
DEL  I V . hEPOHT. 

. CX  = 1.01 

N!  IMRFR 

IRRADIATED 

(R/M IN ) 

(MJN) 

<«> 

(C8) 

<*AD> 

(RAO) 

P= (H*-«) /H 

58 

2-20-79 

54.54 

3.820 

206. 34 

1 no 

210. 

230.000 

0.0952 

3h 

2-20-79 

54.54 

9.860 

537.76 

1 lie 

5*3. 

564.000 

0.0367 

43 

2-20-70 

54.5* 

15.660 

755.92 

1 0 0 

763. 

820.000 

0.07*7 

7n 

2-20-70 

54.54 

12.920 

70* • 66 

loo 

712. 

772.000 

0.06*3 

7 

3-20-70 

53.00 

11.830 

638.70 

loo 

6*5 . 

660.000 

0.0233 

1A 

3-20-79 

53.99 

10.400 

561.50 

loo 

567. 

590.000 

0 .0*06 

10 

3-20-70 

53.90 

1.960 

105.82 

ion 

107. 

115.000 

0.0  7*8 

A3 

4-18-70 

53.43 

3.570 

100.75 

1 DO 

193. 

210.000 

0 . 068 1 

*6 

4- 1 b-70 

53. *3 

6.140 

328.06 

1 0 0 

331. 

362.000 

0.0937 

41 

*-16-70 

53.43 

8.450 

*51.48 

1 oo 

*56  . 

*85.000 

0 . 0636 

M AVERAGt  = 0.0677 

$ = 0.025* 

h AVERAGE  = *53.7 

ABS(P  AVERAGE)  ♦ 2S  = 0.118* 

L = 0.3000 


*IJ1S  PAGE  IS  BEST  QUALITY  PRACTIQAJiLt 

25  niou  copy.  tvauusH®  ro  coc 


CATEOOWY  It  gamma 


INTtMVAl  2.  30  - 100  MMtM 

SOUHCE  1 COM  AL  T -bO  IHHADIATnH 
l qh  AD l A T I ON  DISTANCE  : SHOWN  HttOw 


MHOCtSSOH  NAMt  : NAVAL  NISIAHIH 
MHOCESSOH  COUt  NO.  ! J« 

T Y Ml  OE  OOSIMfc  >tN  : III! 


DOS  In»F  TEN 

OaTF 

1 AMOS. 

hate 

Inna. 

TlMt 

E AM0SUH1 

I HH  A . 
OlST. 

OH  M DO  >E 
Dt  L I V . 

bO‘Jl  VALE  NT  . 
HI MOHT . 

CA.l .01 

N!  IMPFP 

IHHADUTtP 

(mk/MIN) 

(MIN) 

( MH  ) 

(C«| 

(MHtM) 

(MHtM)  Mb  ( H*  -fi  ) /H 

SS 

2-1S-70 

22.  ao 

2 • 3 a 2 

S2  . hA 

Zt\  0 

S3. 

bO  . 

0.1321 

A A 

2-1S-70 

A.2n8 

Oh  . bS 

Z on 

Ob. 

1 0 A . 

O.ObJi 

bS 

2“ 1 S- 7 V 

22.  AO 

J.Z  7b 

7 J . b S 

Z ,i\ 

7*. 

82. 

0. 1 OH  1 

3S 

3-?3- 70 

22.20 

J.S72 

70.  20 

2.'  0 

HO  . 

bO. 

0.112S 

0 

3-23- 7V 

zz.zn 

a . a u 2 

0 7.72 

7i'n 

00. 

102. 

0.0303 

Z? 

3-23-70 

22.20 

1 .*07 

33.23 

2 '0 

Ja. 

JA  . 

0.0 

28 

WJ-70 

22.20 

1 . 7 1 S 

38.0  f 

2 0 0 

JH. 

AO. 

0 . 0S2b 

M 

A-20-7O 

2 1 .OH 

3 . MHH 

HS.,  7 

2'D| 

Hb. 

01  . 

0 . OSH  1 

S A 

a-20- 70 

21.08 

I .oS3 

A 2 . o I 

2t'0 

a3. 

H 7 . 

0.0030 

So 

A-20-70 

*1  .oh 

3.7S7 

82. s7 

Z‘>0 

H3. 

00. 

0 . 1 028 

>!U 

If  ' 


s-iwisw 


r 4 

, .<•  • 


r si 


M AVI  HAGE  a 

S a 

M AVtKAGt  ■ 
AMS  I M AVt*AOt>  ♦ 2 b ■ 

L ■ 


0 . 0 8 o ( 
O.OShh 
bH.b 

0 . Isb2 

0 • 72a* 


2 b 


MASS 


CaTMiOMY  I • i.AMMA 
t N 71  KV  A|  3 • 1 0 1 - 30  0 M,.,  M 

I’M'  l<  t NAM|  ; INAVAL  nt StAMLH 

PWuOt  .sum  COOL  mu.  : Jo 
T V ”i  .if  i ’Os  I Mt  I f m : TLl) 

SilliMi  I : COM  A l T-mO  1 MM  Ap  l A I nH 
I -IPAI>1  AT  1 ON  OIS1ANO  : s’lUWN  HI  I Ur 


no« i “F  t ► w 

Of.  If 

l »P  >S. 

M tt 

1 M M A • 

1 l Ml 

1 APuSlIMf 

MW  A. 
IMM. 

Ul  • P DO 
I'fL  IV. 

I JU  1 V ALl  Nl  * L 7 k l . o 1 
Ml  POM  T . 

Ni  • *»>►  i 

i ml  muni' 

1 MM  -MIN’ 

|M|  M 

I MM  i 

(CM  ) 

I MMI  M ) 

(MMI.  Ml 

IS  | M * - M | / H 

*Y  « 

J- Jo-  7M 

00.71 

«>  . 7 jo 

t*l.  7 M 

l lift 

«?  7 l • 

0.1107 

HH 

Jo-  7M 

oo  .71 

1 • fo  S 7 

1*7.01) 

l .» ,1 

i *M  • 

1 b 1 . 

0.0070 

%Q 

J- JO- 7M 

0 0 , 7 3 

«’  • 0 7 s 

«iJ7.  (S 

1 i n 

^40* 

.*SJ. 

0 . OS*  J 

.U 

I- J J-  7-v 

0 7.M  7 

1 .Mm  7 

lb  7 . 7 l 

l »\ 

l » 

1 0 7 . 

0 • 1 Obs 

1 *» 

3-JJ- N 

8 7.07 

/.. 

1 77 . MM 

1 •• ») 

1 HO  • 

loo. 

0.0*** 

£1 

3- JJ-7M 

87.17 

<? . I s 3 

«.’  0 7 . 0 <> 

1 0 0 

7>i)y, 

r'l  J. 

0 . 0 1 M 1 

H 

3- JJ-7M 

H7.17 

1.710 

1SJ.MJ 

l 1 0 

1 • 

1 7c’. 

0 • 1 1 O 0 

\Q 

* - 1 7- 7m 

07.1* 

t . 1 ” 7 

1 0 1 . s 7 

1 *'  0 

IMS. 

01  J. 

O.loi* 

s? 

•-1 7- 7M 

0 7.1* 

1 . S-,0 

l JS. 7M 

i ’ o 

1 17. 

1 SO  . 

0. 1033 

ft? 

*-17- 7 V 

*'7.|» 

1 . J 7 c 

1 l 0 . o 7 

1 0 > 

Hi?* 

1 30. 

0. 1 (>0  7 

|>  Avt  MAUI  ■ 
s » 

M AVtMAOl  « 
\>1S(P  AV|  h,H<|  I • r’S  « 
L « 


u • loo** 
0.0*00 
1 77.0 
U . 1 M M J 
0 . *S0 (1 


MASS 


Ynis  FICUS  LS  PRjf  quality  nucriAkWil 

rno.  xirx  -ooc-  ro  hoq  _ — 


Category  I*  gamma 


INTERYAi.  4,  JO  1 - 10.000  MHEM 

°ROr  t SSOR  MAMt  : NAyAL  RtSEARL'H 
RROCE S8UR  CODE  MO . : JM 

TYPE  OF  1(05  l M£  t E 8 S TLD 

SOURCE  : CORAL  T -ho  IHHAUIATow 
IRRADIATION  OISTANCE  : SftUWN  dELOw 


f)Oc  I . • E TER 
Nl  IMRE  P 

date 

IRRADIATED 

EAPOS.  IWRA. 

RATE  T I v»t 

( MR  /MIN)  ( M I ig ) 

E XPOS'JRE 
(MR) 

1 RR,1  . 

D 1 S T . 

( Cm  ) 

deep  Duse 

DEL  IV. 
(MrEm) 

EQUIVALENT.  CAM. 01 
RtPOR  T . 

(MREM)  P*(H*-MI/R 

5? 

P- 1 9- 7 V 

88.9ft 

7 0 . 9ft  7 

ft31  3.  19 

lot) 

ft  3 7b  • 

b858. 

0 . 0 75ft 

87 

P-19-79 

88 , 9ft 

1 0.5P5 

938.30 

1 on 

^<>6  • 

1 Op  3 • 

0.0814 

4* 

P-19-79 

88. 9ft 

11.575 

10P9.71 

1 00 

1040. 

1 0o3  . 

0.0413 

37 

P-19-79 

88.9ft 

7 . 918 

707.97 

1 on 

715. 

803. 

0. 1P31 

«; 

3-P7- 79 

87.81 

57.050 

5009.5ft 

1 1)0 

5060  . 

5«»Hp  • 

0.0ft  34 

Pi 

3-P7-79 

87.81 

10.005 

678.54 

1 Oft 

887. 

9 74. 

0.0981 

33 

J-?  7-79 

87.81 

7 .89)1 

G9P.MP 

1 0 ft 

700. 

780. 

0.1143 

69 

4-11-79 

87.33 

54 . 350 

4 74ft. 38 

1 o o 

4794. 

5b?3  . 

0. 15PI 

SI 

4-1 1-79 

87.JJ 

ft.  0 0 0 

5P3.98 

1 0 

5P9. 

59  P . 

0.1191 

57 

4-1 1-79 

b 7 . 33 

1 0 P • ft  ft  7 

89ftft.M8 

1 on 

9(>5h  • 

10004. 

0.1047 

Vf^'P 
CU1  1 


w1 

to 


VVJT°IV 


t rvehage  = 


H AvtWAOE  1 
A«S(P  AVERAGE ) ♦ PS  = 


L = 


0 . 099.1 
0.0J07 
3010.3 
0. 1607 
0.3000 


...o......  PASS 
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category  n,  high-energy  a ray 
l NTEH  V At  1 * 10  - 800  H Ap 


NRX  TECHNIQUE  : Hf  8 
IRRADIATION  DIsTANCl  : loO  C« 


PROCESSOR  NAME  ; NAVAL  RESEARCH 
PHOCtxt;OW  CODE  NO.  : 38 

TYPt  op  oos I me i er  : tlo 


n(KI«ETEP 

DATE 

IRRA. 

RATE 

IRRA. 

r i me 

EXPOSURE 

Ofpp  AbSORHtU  DOSE 
UELIV.  RtPURT. 

. CX  a 1.33 

NU“PE  o 

IRRADIATED 

(R/MIN) 

(MIN) 

(R) 

(PAII) 

(RAU( 

P* (M*-M> /H 

S3 

2-23-70 

8.83 

* ft  « S b 0 

*11.30 

8*7. 

ftOS.000 

0. lOftO 

48 

* 

1 

rv. 

i 

*\j 

ft. 83 

20.100 

1 77. *M 

238. 

2ft8. ono 

0.1 3So 

6? 

2 - 2 3 - 7 N 

8.83 

3.83ii 

3 3.82 

*s. 

ES.ooo 

-4*.  »04>- 

<V  1331 
0. 3778 

41 

2-24- 7V 

8. 78 

SO. *00 

*42.81 

XftH. 

ftlS.unO 

0 . 0*«  1 

in 

3-2G-7S! 

10.83 

*8.110 

S2 1 • o 3 

ft*  3. 

o8S. ono 

-u  . 0 1 is 

2<J 

3-26-7S* 

10,83 

7.1*0 

77.31 

10  3. 

1 lS.voo 

0. 1 lftS 

1 

3-?8-7N 

10.83 

s2. 3 in 

Sftft.  73 

7ft*  . 

7ns. 000 

0 ,0S** 

3ft 

4-2S-7  3 

1 O.S* 

32 . ftftO 

344. ?4 

4 ft  8 . 

*n2. 0f,0 

0.07*2 

To 

*-2S- 7N 

10. X* 

2S.270 

2ftft.  3S 

3b*. 

387.000 

U.0H32 

41 

4-2S-7V 

10.3* 

11.710 

123. *2 

1ft*. 

1 8S . Vo  0 

0. 1280 

„ x'V' 


P AVER  A lit  a 0.1118 
0.  Ofe3-tf 
3 * 0.10  3*. 

H A Vt H Aot  a 30*. 3 

A HS  ( p AVERAGE!  » 2S  * iU  3 1 8*y  ~ 


TA53 


0 . 3000 


CATEGOWY  lit  MIgm-ENEMGy  X MAY 


iNTEKVAl  2t  30  - 100  MHtM 

NPS  TECHNIQUE  J HEX 
I mo AD  I A T 1 UN  DISTANCE  : 100  C* 


PHOCtSSOK  NAME  J NAVAL  HESEAUCM 
PMOCtNSOM  COOt  NO.  t 3b 
TVPF  OF  OoSlMtlEH  5 TLU 


IHHA.  INMa. 


no^l«t  tek 
NtiMPEP 

date 

l UK ao I ATEO 

KATE 

(MK/MIN1 

Tint 

(MINI 

60 

2-21-TV 

20. AA 

1 .68U 

S* 

2-21-TV 

2U.AA 

2.2  30 

AT 

2-21-TV 

20. AA 

3.AO0 

3? 

3-23-TV 

?o . Ae 

3.  1 VS 

IT 

3-23-TV 

2u.  A6 

3. HIS 

1? 

J-23-TV 

20.  A6 

1.820 

26 

3-23-TV 

20,  A6 

1 .230 

av 

4-25-TV 

21.30 

C .4^0 

At 

a-25-TV 

21.30 

2 . T 1 0 

66 

A-2S-T9 

21 . 10 

3.100 

KOSUKE 

S*AlLO« 

OELIv. 

UOSt  toulv 
KtPWUT. 

•f  CA« 1 .260 

(MM) 

imhFmi 

(MKLm) 

P* ( H*-H) /H 

34  • 3A 

*3. 

ST. 

0.3T21 

AS.srt 

ST. 

T«. 

0.2281 

6V.S0 

Hit  , 

V T , 

0.1023 

6S.3T 

02. 

«*. 

0.08Sa 

Tm  . os 

VH. 

los. 

0 . 0 T 1 a 

3T.24 

AT. 

AT. 

0.0426 

2S.  1 T 

32. 

33. 

0.031 3 

S2.1H 

fjh  • 

T T . 

0. 1 66  T 

ST.  T2 

n. 

T 3 , 

0.0 

66.0  3 

8 1. 

80. 

0.0602 

'A> 


o'V 

if 


■ t*w  <?0 


P AVt'tAOt 
S 

H AVt«A6t 
AMSM  AvEWAGE)  ♦ 2S 
L 


PASS 


s 0.1160 
> 0.1120 
« 66.  V 
x U.JA01 
* 1.8330 


30 


Category  ii,  high-energy  x way 


INTERVAL  2*  30  - 100  NHIH 

PROCESSOR  NAME  : NAVAL  RESEARCH 
PROCESSOR  COOE  NO.  ! 3b 
TYPE  Of  OOSIME'ER  : TLD 

NRS  TECHNIQUE  « HER 
I PR AO  I ATI  ON  DISTANCE  : 100  CM 


DOS  I mE  TE  R 

date 

IRRA. 

RATE 

IKK  A • 

TIME 

EXPOSURE 

oefr  DOSE 
DEL  IV. 

EQUIVALENT. 

RtPuwT. 

CX=1 .260 

NUMRf P 

IRRADIATED 

(MM/MIN) 

(MJN) 

( MR  ) 

(mhEM) 

( MRLm ) ps(M*-H)/H 

69 

2-21-79 

20.44 

1 .680 

34.34 

*»3. 

59. 

0.3721 

56 

2-2 1 - 7 V 

20.44 

2.230 

*5.58 

37. 

70. 

0.2281 

A 7 

2-21-79 

20.4* 

3.400 

69.50 

88  . 

9'. 

0. 1023 

3? 

3-23-79 

20.4b 

3.195 

65.  17 

82. 

MY. 

0 . 085* 

IT 

3-23-79 

20.4b 

3 . b 1 5 

78  . t)5 

98. 

1 03. 

0.071* 

1? 

3-23-79 

20.46 

1 .820 

37.24 

47. 

49. 

0 . 0*2b 

26 

3-23-79 

20.4b 

1 .230 

25.17 

32. 

33. 

0.0313 

*9 

4-25-79 

21.30 

2.450 

52.18 

bb  . 

7'. 

0.1667 

44 

4-25-79 

21.30 

2.710 

57.72 

73. 

73. 

0 . 0 

66 

* 

a 

M 

l/l 

1 

■c 

21.30 

3.100 

66.03 

83. 

88. 

0.0602 

P AVEHAot  = O.llbO 

S = 0.1120 

H AVERAGE  = 66.9 

AHS ( P AVERAGE)  ♦ 2S  = 0.3*01 

L = 1.63JV 

••••••*••••  HASb 


category  ii.  high-energy  x way 


Interval  3.  101  - 3oo  MwtR 

RROCtSSOH  NAME  : NAVAL  RESEARCH 
PROCESSOR  coot  NU.  ! 36 
TYPE  OF  DOS  I HE  I EW  ! TLO 

N«S  TfCHNlUOE  i HFG 
I QUAD  I AT  I ON  DISTANCE  : 100  CM 


I RR A . IRH«.  Shallow  OOst  tool  V • • CX«1.350 


00<;1vetfw 

NIIMPEP 

Date 

IRRAOI ATtO 

Rate 

(MR/MIN) 

Tint 

(MIN) 

EXPOSURE 
(HR  ) 

DEL  IV. 

(MKfUl 

report. 

(MRlmi 

P* (H»— H) /« 

63 

2-20-79 

62.55 

1 .660 

1 16.34 

167. 

165. 

-0.0127 

SR 

2-20-79 

62. SS 

1.306 

61.6  3 

110. 

115. 

0.0*56 

4B 

2-20-79 

62. SS 

2.9S0 

16*. 62 

2**. 

25*. 

0.0201 

31 

3-21-79 

bS  .60 

2 • 0 aO 

133.62 

161  . 

1 8 3 . 

0.01  lo 

23 

3-21-79 

66.60 

1 .620 

99.71 

135. 

13*. 

-0.007* 

16 

3-21-79 

66.60 

1 . 9 7 0 

129.?i 

U*. 

17c. 

-0.0116 

1 l 

3-21-79 

66.60 

2.310 

161 .6* 

60S. 

199. 

-0.0293 

S 6 

* 

f*- 

• 

+ 

« 

66.13 

2 . A o 0 

156.71 

21*. 

216. 

0.0093 

*S 

A-2A-79 

66.13 

3 . 2 6 u 

216.91 

39  3. 

28*. 

-U.0307 

65 

A— 2A— 79 

66.13 

1.790 

116.37 

16  1. 

ISO. 

-0. 0 126 

32 


Category  1 1 • hI&m-EnehGy  * hay 


Interval  3.  lol  - 3oo  hheh 

PHOrtSSOH  NAMf  ; NAyAL  HtbtAHCM 
PHOCtSSOH  code  no.  : JB 
TYP1  OF  l>U5IHt  I CH  : TLO 

NM  S TECHNIQUE  i HEG 
IhpaOIATJOn  distance  : luo  c« 


IHWA,  IHHA.  DffP  post  EQUIVALENT.  CA=1.JS0 


D09 I ME  TEH 

DATE 

hate 

TIME 

E APOsi  mi 

r»E  L l v . 

HtPUHT . 

NUMOFp 

IRHADI ATED 

IMH/MIM 

(him 

IMM  | 

( mkEm ) 

1 MkC.  M ) 

P = ( H»-H ) /H 

61 

2-20-79 

62. bS 

1 .660 

116.  ♦ * 

1 b 7 . 

ISb. 

“0.0127 

S9 

2-20-79 

62. 5S 

1 . Job 

n 1 .6  3 

ll«. 

IIs. 

0 • U*SS 

An 

M 

1 

f\J 

0 

1 

■>3 

62. sb 

2.9so 

Id*.  H2 

3*9. 

<?S*. 

0. 020  1 

3) 

1 

<\3 

1 

r*> 

6b. 60 

2.0*0 

133. H2 

1 « 1 . 

In  J. 

U.01  1 0 

23 

3-21-79 

6b. 60 

1 .b20 

99.7  1 

1 3*>  . 

* 3 A . 

• 0 . 0 0 7 a 

16 

3-? 1 - 79 

6b  .60 

1 .970 

129.23 

1 7a. 

172. 

-0.01  is 

1 1 

3-21-79 

63.60 

2 . 3 1 0 

1 b 1 • b* 

■'I'l, 

1 99  . 

-0.0293 

S6 

A-2A-T9 

60.13 

2 « * 0 0 

ISH . 7 1 

?u. 

«!1°. 

0 .0093 

A5 

4-?A-79 

66.13 

3 . at. 

216.91 

3 93. 

26**. 

-0.0307 

6*> 

4-?*- 7V 

66.13 

1 .790 

1 1 H . 3 7 

1 o>. . 

ISO. 

-0.012b 

P A V 1 6 A ot  * 

-0.001H 

b = 

0 . 0 2 3 S 

■A  A V t 6 A Ut  = 

167.6 

Ah>(P  rtvtHAl'E)  * 2b  = 

0.0467 

L = 

1 . 09A6 

category  ii.  high-energy  * ray 
Interval  a.  301  - lo.ooo  mrem 


PROCESSOR  NAME  : NAVAL  RESEARCH 
PROCESSOR  CODE  *40.  i 3b 
TYPE  OF  DOSIMtlER  i TLO 

NWS  TECHNIQUE  * MFG 
IRRADIATION  DISTANCE  I 1O0  CM 


IHRA.  INRA. 

oonIwfter  date  Rate  time 


NIIMRER 

irradiated 

( MR/M I N ) 

(MINI 

•>1 

2-1A-79 

877.20 

S.  090 

AS 

2-13-79 

1 OS . 20 

3.110 

64 

2-IA-79 

877.20 

2 . 3SS 

hi) 

2-13-79 

1 OS . 20 

3.  a90 

2S 

3-21-79 

860.30 

6. 300 

h 

3-21-79 

860.30 

S.  9 jO 

1A 

3-19-79 

102.90 

S . 6bS 

6H 

A-24-79 

8V6.30 

3.690 

AT 

4-24-79 

73.27 

3.82o 

SS 

4-24-79 

73.27 

6.6  7li 

Shallow  oost  touiv..  la*i.2mo 


EXPOSURE 

(MR  ) 

l)E  L | V. 
(MREMI 

REPORT. 

(MRLmI 

P* (H*-HI / H 

A A64 . 96 

S71S. 

6S30. 

0.1 *26 

327.17 

A 1 9 . 

♦6*. 

0.107* 

206S.61 

?h*»  . 

30o*. 

0.1607 

367. IS 

a 70  . 

SSO. 

0.1702 

5A19.89 

6937. 

766  < . 

0.1369 

S101.S8 

6 6 3 0 . 

739V. 

0.1317 

S9* .99 

7*9. 

860. 

0. 1 S62 

3307. 3S 

A?J  (. 

SOS*. 

0.19*0 

279.89 

JS6. 

360. 

0.0782 

**86.71 

626  . 

07S. 

0.0783 

if/ 


y 


H A VE  6 AGE  = 0.1 3S6 

S = 0.0362 

H average  « 2666.1 

AAS(“  AvERAgEI  * 2S  * 0.2119 

L * 0.S000 


P**SS 


CATEGORY  II.  MiGH-tNEKGY  * PAY 
INTEWVAL  A.  301  - 10.000  MUfM 


NPS  TECHNIQUE  : MEG 
IOPADIATI0N  UlbTANCl-  : 100  Cm 


PkOCtSSOW  NAMt  : IMA  V At.  HtSfcAWCM 
PHOCtSSOH  CODE  NO.  : 3b 
TYPF  OP  DOSlMtlEW  : TCI) 


n<KI"ETE» 

LiaTE 

1 kN  A , 

mate 

iKWtt. 

TlMfc 

EAPOSUME 

Op  F H OO St 
URL  IV. 

tUUi VALtNT • 

KtPUwT . 

CX=1 .230 

N'lMMFW 

I W8AD1  ATEI) 

(MH/MIN) 

(MIM 

( MH  ) 

( MHt-.M  ) 

(MNLM)  P=(H»-h)/H 

•>1 

2-14-79 

877.20 

b . U 9 0 

4464 . 96 

b492. 

6b30. 

0. 1690 

AS 

2-13-79 

10b. 20 

3.110 

327.  17 

402. 

464  . 

0.1942 

64 

2-14-79 

877.20 

2.3bb 

2069 .81 

294  1 . 

3 0 6 9 . 

0.2076 

60 

2-13-79 

1 Ob. 20 

3.490 

3b  7.  lb 

4b2. 

990  . 

0.2166 

2s 

3-21-79 

860.30 

6.30  0 

b4 1 9 . H9 

7bd  I . 

i . 1832 

4 

3-21-79 

8b0 . 30 

b • 9 j0 

b 1 0 1 .98 

6 2 7b. 

7390. 

0. 1777 

14 

3-19-79 

102.90 

b.68b 

b»4,M'J 

72.'. 

860. 

o .2026 

68 

4-2A- 7 9 

89b. 30 

3.690 

3307.3b 

4 n 6 8 . 

90b4. 

0 . 2424 

47 

4-24  — 7 9 

73.27 

3 . b 2 O 

279,89 

1 4 — . 

380. 

0.  1221 

b5 

4-24-79 

73.27 

6.670 

486.7  1 

601  . 

o7b , 

0. 1231 

// 

1'  A Vt  6 Aot 

= 

0.1819 

b 

= 

0 .0392 

# / 

« A Vt^AliR 

x 

2 7bo • 1 

/* 

AMS  (P 

AvtKAGt)  ♦ 2b 

= 

0.2604 

L 

X 

O.bOOO 
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CATEGORY  III.  L0»-ENE>*OY  * MAY 


INTCWVAi  1.  ISO  - 300  MWt* 

PWOCtSSOK  NAMt  : NAVAL  WESEAWCM 
PWOrtSSUH  COUE  .0.  : 38 
TYPE  of  OO^lHEltM  : TLD 

NWS  TECmMOOF  • L-li 
I UP  AO  I ATI  ON  DISTANCE  5 cOO  f** 


l>Ov  T vF  TF  J 
N'iMPEP 

date 

IPWADI ATED 

1MWA.  IWWA. 

mate  ri«t 

( MW/M  I N ) (MIN) 

t AWoSllW) 
(MK) 

Sh  m i_0» 
('El  I v. 

( XWtM) 

1)0  ■at  tijolv 
WtPOuT . 
(MwtM) 

..  LA=0.810 

P = (n*-l-l)  /Is 

S7 

2-2B-7V 

a*. so 

1 .woo 

<;i  7.ss 

1 7s. 

1 B 3 . 

-0.073V 

BN 

2-2N-  7V 

in. so 

d • v3  0 

J 3*  • 3* 

2 7 l . 

db«. 

-0 . 0288 

3w 

?-?6-74 

l n.so 

d • (’till 

2S8.7  7 

no. 

203. 

- 0 . 0 3 3 3 

Sr 

2-2N-7V 

l n.so 

d • 7oG 

3 1 8 . 3 1 

2S8. 

d od, 

U.oOTH 

> 

3-13-7V 

1 IB. 8 0 

c .hoO 

310. bV 

?^p. 

2 30 . 

-0.0O3S 

1 T 

3-13-7V 

1 lo.WO 

2. 7 7u 

•id  3 . S* 

d*>d . 

d*<  . 

-0.0873 

2* 

3- 1 3-7V 

118.80 

3.010 

3S  j . *>  7 

?8S  . 

28  i , 

-0,01*0 

Aft 

*-?8-  7 V 

1 IB. 00 

<?.Sl  J 

2V1.1B 

di*. 

di *. 

-O.00N8 

SV 

♦-28-7V 

11  B . (-  0 

1.830 

212.38 

1 

1 7s. 

0.01 lB 

BO 

*-?8-  7V 

1 IB. 00 

l . v20 

232.72 

1 BO  . 

1 B 0 , 

0 . 0 

• AVtf'Adt  = “0 . 0<?S7 

S = 0 . 0 30f> 

B AVtKAut.  = 330  .c 

AIM^  AvtMAOtl  * db  - 0.08B8 

L ~ 0.V88B 


W«SN 


1 


r 


CaTEUOWY  III.  LO*-tNtHl»Y  X MAY 
iNTEWVAl  1.  150  - 300  *MtM 

HHOCtSSOH  NAHt  : NAVAL  Hl6tA6CH 
PHOftsSOW  coot  NO.  : 3b 
TYME  OF  DOSIMtlEM  : TLl) 

NMS  Tf CHN 1 OOF  : l-6 
IooADIATION  DISTANCE  • 200  C“ 


I'O  ? I «E  TF  K 

date 

1HRA. 

hate 

IKKA. 

Tint 

t aPoSdhe 

OF ► H Oust 

OtL l V. 

f UU 1 V ALt  NT 
HtPUMT . 

. C X = 0 , 250 

N’  iMHf  U 

IMHaDUTED 

(MH/MIN) 

(H1N) 

(MM) 

(MRtf.)  P 

= < M*-H ) /n 

57 

2-26-79 

1 1A.50 

1 .900 

217.55 

6a  . 

so. 

-0.0  7a1 

bb 

2-26-79 

1 1A.50 

2.920 

33 a , 3a 

6A  . 

«1  . 

- 0 . U 36  7 

3b 

2-26-79 

1 1A.50 

2.260 

256.77 

65. 

6->. 

-0. 0306 

5n 

2-26-79 

1 1A.S0 

2.760 

31o.il 

rto  . 

HV, 

0 . 0 

? 

3-13-79 

1 lb. HO 

2.660 

31 0.69 

78. 

7 J • 

”0 . 06a  1 

13 

3-13-79 

116,80 

2.770 

323.5a 

«l  . 

7«>. 

“0.0617 

2a 

3-13-79 

110.80 

3.010 

351.57 

66. 

a'. 

-0.01  1a 

A A 

A-28-79 

116.00 

2 . S i 0 

291.16 

f 1. 

7^. 

-0.01 3 7 

50 

4-,?8-79 

116.00 

1.630 

212.28 

S3. 

5*. 

0. 0169 

bp 

a-28-79 

116. 1)0 

1.920 

222.72 

66. 

6b. 

0.0 
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CATEGORY  III,  LOW-ENERGY  X RAY 


INTERVAL  2,  301  - 10,000  MR£M 

NRS  T F CMN I (3UE  '•  L-b 
IopaDIATION  DISTANCE  : 200  CM 


PRuCtSSOR  NAME  : NAVAL  RESEARCH 
RROCtsSOR  CODE  NO.  : 3b 
TYPE  Of  OQS I ME  I E R : TLD 


()p  I "F  TER 

date 

1RRA. 

RATE 

IPRA. 

TIme 

EXPubURE 

SHALLOW 
DEL  IV. 

OOSt  t(.ulv 
REPU6T . 

.,  CX=0.810 

N<  IMRE  P 

IPRauI ATED 

(MR/MIN) 

(MIN) 

(MR) 

( 4Rf  m ) 

( Mplm ) 

P= ln«-H) /H 

4? 

2-26- 79 

2b6 .40 

16. 180 

6198. 16 

9211. 

3153. 

-0.2512 

38 

2-2b-79 

28b. 40 

37 • 460 

10726.64 

6690  . 

862P. 

0 . 0 1 55 

8 1 

2-26-79 

?bb  . 4 0 

2. Ml  0 

833.42 

6 7s. 

68“. 

U.0133 

N 

3-14-79 

28 8.60 

1*660 

479.06 

A68  . 

3b  1 . 

-0.0696 

* 

3-14-79 

268.60 

6.270 

2386.72 

19  17. 

191b. 

-o.ooee 

2o 

3-14-79 

2 66.60 

1.870 

639.88 

4 3 7. 

“1  i . 

-0.0595 

8* 

4-29-79 

286.60 

2.1-30 

b20 • 92 

so  7. 

510. 

0.0 1 39 

*n 

4-29-79 

268.80 

29.900 

H o 3 *3  • 1 2 

6 994  . 

6624, 

-0.02-3 

37 

4-29-79 

286.60 

3 . 4tj0 

999.28 

609. 

797. 

— 0 . U 1 4 8 

87 

4-29-79 

268. bO 

1.6  70 

540 . 06 

437. 

827. 

-0.0229 

<^y 


••>  AYE  R AbE 

s 

H A YE  n A lit 
A6S  < p AVERAGE)  ♦ 2S 
L 


-0.0*08 
0.079b 
251)7.7 
0. 1998 
0 • 5000 


fjooooooaooo  p«SS 


category  iii»  low-energy  x pay 
INTERVAL  2*  301  - 10.000  MRF M 

PROCESSOR  NAME  : NAVAL  RESEARCH 
PROCESSOR  CODE  NO.  : 30 
TYPE  OF  DOS  I ME  1 EH  ! TLD 

NRS  TECHNIUUE  : L-G 
IRRADIATION  DISTANCE  : 200  C* 


IRRA.  1 MR A • DEEP  DOSE  EQUIVALENT.  Cx=0.250 


DOSIMETER 

numher 

date 

IRRADI ATEO 

RATE 

(MR/MIN) 

TIME 
( M I N ) 

E XPijSuRE 
(HR) 

()£  L I V • 
(mHEM) 

REPORT . 
(Mrcm) 

P=  <H»-H)  /H 

42 

2-26-79 

266.40 

18.150 

5198.16 

1 3 o 0 . 

974. 

-0.2508 

38 

2-26-79 

286.40 

37.460 

10728.64 

2682. 

2 726. 

0.0164 

01 

2-26-79 

286.40 

2.910 

633.42 

2u  8 . 

Hi. 

0.0144 

19 

3-14-79 

288.60 

1.660 

4 7 V * (|  6 

120. 

Hi. 

-0.07SO 

4 

3-14-79 

288.60 

8.270 

2386.72 

697. 

b9P. 

-0.0064 

20 

3-14-79 

288.60 

1.670 

539.68 

136. 

127. 

-0 . 05*3 

64 

4-29-79 

288.80 

2.  ISO 

620 • 

16S. 

167. 

0.0129 

40 

4-?9-79 

268.80 

29.900 

8636. 12 

2159. 

2l0«. 

-0.0236 

37 

4-29-79 

288.80 

3.460 

999.25 

?5f) . 

246  . 

-0.0160 

63 

4-29-79 

286.80 

1.870 

540.06 

US. 

132. 

-U • 0222 

A?'# 


R AVERAGE 

S 

H AVERAGE 
ARS(°  AVERAGE)  ♦ 2S 
L 


^y 


..ft........ 


P*»SS 


= -0.0412 
= 0.0797 
= 774.1 
= 0 . 20  OS 
= 0.5391 


i 


1 


i 


I 
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category  v.  neutron 


Interval  It  100  - 3oo  mwem 

PROCESSOR  NAME  : NAVAL  RE  St  ARCH 
PROCESSOR  CODE  no.  : 38 
TYPE  Of  UOS I ME  I ER  : ALOEOO 

SOURCE  : CAl  IFORNIUM-2S2 
I pp  AD  I A T I ON  CISTANCE  •'  ShOrm  WElOw 


NOTE  : DELIVERED  DOSE  EQUIVALENT  INCLUDES  Tnt 
ROOM  RtTuRN  (sCATTEri)  CORRECTION  FACTOR 
SHORN  RElO* 


DOS  I'-’F  Tf  R 

Date 

OUSE  EO. 
RATE 

IRKA. 

T lMt 

1RRA. 

D1ST. 

SCATTER 

UELP 

DcLlV. 

UOSt  tUUI VALENT 
RtPURT. 

N!  IMRE  P 

IRRADIATED 

(MHEM/MINl 

IMIN) 

ICp) 

C.F. 

( MREM) 

(MREM) 

P = (h«-h) /rt 

?Q 

2-21 - 7s 

7fl  . 4b 

1 .38S 

SO 

1.040 

113. 

1S8. 

0 . 3982 

24 

2-2 1 - 7 v 

7 8 . 45 

2.62h 

SO 

l .04 r 

214. 

28  i • 

0. Jl 31 

V* 

2-21-  IN 

78.4b 

3.73? 

->0 

1.040 

304. 

JbH  • 

0 . 2 1 OS 

22 

2-21-79 

78.4b 

2.38s 

SO 

1.040 

19S. 

239. 

0 . 22St> 

h 

3-13-/9 

77.3  3 

2.070 

SO 

1.040 

1 bb  • 

211. 

0.2711 

2 

3-13-79 

77.33 

3.SJS 

SO 

1 . &40 

?«4. 

300. 

0 . 0S63 

I 

3-13-79 

77.33 

3.400 

SO 

l . 04 r. 

2 73. 

277. 

0.0147 

1 7 

> 

*- 

1 

X> 

AJ 

1 

* 

74.93 

2.S88 

SO 

1.040 

202. 

2S4. 

0 . 2b  7 4 

3a 

4-at>-  79 

74.93 

1 . S40 

SO 

1.0-0 

120. 

99. 

-0.1 7S0 

?1 

4-2b-79 

74.93 

2 • Jbh 

so 

1.040 

1 8S  • 

23S  . 

0.2703 

0^ 


& 


■>  AYERAGt  = 
3 * 

M AvERAOt  * 
fiHSt*-  AVERAGt)  ♦ 2s  •* 
L * 


U . 1842 
0. Ib97 
20S.b 
0.b237 
1 • Otto  1 


PASS 


40 


Category  v.  neutron 


iNTEKvAt.  2«  301  - 8.000  MKfcM 

PROCESSOR  NAMt  : NAVAL  RESEARCH 

PM(lCtSS<JW  COUt  NO  • : 38 
TYPE  Of  rtOMMtltN  : ALbtliO 

SOURO  : C A I If ORNIUM-282 

irradiation  distance  : smoyn  »ti  o» 

NOTE  : DEI  IVERtLJ  DOSE  tuulv  L t N I INCLUDES  Tor 
ROOM  RETURN  (SEATTEm'  CORRECTION  E ACTOR 
SHOv(N  EiCLOM 


DOSE  to. 

I HR4  . 

I Rk  « . 

deer 

oust  E uu  1 v ale nt 

DO«I**F  TFR 

Of  te 

hate 

I 1 ME 

UI s I . SCATTER  DEL  1 V . 

b( ROST . 

Nl  IMRFR 

IRRADIATED 

( MR1  M/M  IN) 

( M I N ) 

(Cm)  C.E. 

( MR5  M ) 

1 MkE  M ) 

H= <rt«-H! /M 

?7 

2-2S-  IN 

78.2? 

4 8 . b 0 0 

SO  1.114  0 

4 (1  (S  . 

3 8 1 4 • 

- 0 . 0 3 0 0 

2S 

2-28-79 

78.22 

4.412 

SO  1 . 0 4 o 

(82  . 

JSb  • 

- 0 . 0 1 b8 

1 7 

2-2S-7R 

7h.22 

2 j ,SSD 

SO  1.040 

1 Rib. 

I 7*8  . 

-0.0877 

3n 

2-2*5-79 

78.22 

1 1 • 7b  ii 

SO  1 . 0 « (' 

aS8  . 

R 1 8 • 

- 0 • 0 4 ■*  8 

7 

3-22-79 

78.83 

8 7.  bh  I' 

SO  1.040 

4b0  7. 

3782. 

-o. 1 7R1 

A 

3-22-79 

78.83 

1 0 . 38(1 

SU  1.0  4 1) 

827. 

b 9 7 . 

-0. 1S72 

7 

3-22-  N 

7 b . H 3 

Jr  . 7 1 0 

SO  1.040 

5 1 7 3. 

2 7 4 4. 

-0.1 Js2 

2* 

78  . 3b 

1 1 . 3 3 T 

so  1 .0-.I) 

888  . 

8 M 3 . 

-0 . OSU  7 

1 R 

4-1 8- 79 

7s  . 38 

32.00 0 

SO  1.040 

2 "5 08  . 

2SS2. 

0.01  7*5 

?R 

4- | 8- 79 

7b  . 3b 

b.  700 

SO  1.040 

S2S . 

SI  3. 

-U.022R 

K Vj  **  / P 

^ y 

AvERAUt 

- -0.0707 

,a< 

S 

— 0 . 0 8 b 2 

H 

A Vk  R AGE 

* 1R7R.9 

8'f 

AMS(R  A VE  R Avit  ) ♦ 28 

* 0.2030 

L 

= 0.8000 

tiattttott#**#'1  ^asb 


A 


CATEGOWY  V I l I « GAMMA  COMPONeNl 

OF  NFoTHON  Pi  U5  GA'^mm 


PAGE  1 OF  j 


INTERVAL  1.  ISO  - 30  0 MwtM 


PPlirt  SSOW  NAMt  : NAYAL  HtSEAnCH 


pH<irt^>sOP  coot  no.  : jh 

TYPE  OF  OOSIMtltH  : ALHLOO 

SOURCE  i COHAlT-MI  I PM AQ 1 A T IM 


IPOADI ATION  INSTANCE  : 100  C 

l 

NOTt  : DEUIVtWtO  OOSt  t (JU 1 V ALEN1  MCLUDtS  A <,A8MA-H«Y 
COoTP  [BUT  ion  FMUM  tHE  CF  -8k<?  SOUnr.t  EOUAL  70 


7.033 

PERCENT  of 

Trt  NtUTMON 

UOSE  t'JldVALtNI 

nosInETEP 

NUMi-EP 

0 A T F 

IWmaoi ulEn 

IRKA. 

HATE 
( Mh /M  1 N ) 

1 Hh  A . 

TIME 

(MIN) 

fc  * PO v U6fc 

M-  ) 

Ot  L 1 V F H t U OOSt 

SHALLOW 
CA=1 . U1 
( MwtM ) 

tOOl YAltNT 

OttP 

CK= 1 . 0 1 
( MKtM 1 

?\ 

(•-  6 - 7 Y 

bm,j7 

0.7(18 

7b. 

7b. 

1 9 

8-  6-79 

89.37 

I . J 7 0 

1 88 . *•  A 

1 3B  . 

138. 

?6 

8-  6-79 

89.3  7 

0 .9PP 

88.3  7 

98. 

YH, 

9 

3-1  1-  79 

HH.  Jb 

1 .8k8 

! 66 , 8 .1 

173. 

173. 

K 

3-10-79 

88  . Ob 

II.  7 1 J 

bJ.iy 

7b. 

"7  b. 

1* 

3-10-79 

Brt.  Jb 

1 . 3 J 7 

118.  >N 

183. 

183. 

1 1 

3-10-79 

B H . 0 S 

(l.HlO 

7 7,7s 

98. 

98. 

16 

* - 1 0 - 7 9 

8 7.3  7 

1 .biM 

137.  ,3 

1*8. 

1*8. 

8 9 

*- 1 0-  79 

87. j7 

0 • 60 H 

b 1.  lb 

63  . 

63. 

?i> 

*»-ln- 79 

87.37 

1.977 

1 7 15  . 7.' 

1 79. 

i 79. 

tbis  TU 

VROU  (-’v 


r^Vl 


fKKCl 


iCi®'* 


l)UC 


CATEoOSY  VIII.  NEUThON  COMPONENT 

OF  NFuTkON  P|  Ob  GAaMA 

[NTfOy/AL  1.  ISO  - 300  Hut  M 


SOOWCf  : C#l  IFOnMu 

TouaOIATIoN  UlbfANCF  : SmOWI1  btl.Oai 


PAOt  P OE 

P8  H'tSSUP  NaMt  : I.AyAL  HtbtAKCH 
PPJCtSSUa  coot  NO.  ••  JH 
TYPE  OE  YOSIMtlfrr  : ALHtl/O 
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